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$y  Process  for  production  of  acrylated  urethanes  and  urethanes  produced  thereby. 

There  is  described  a  process  for  producing  radiation- - 
curable  acrylated  urethanes  having  a  lower  viscosity  than 
heretofore  achievable  without  dilution  are  produced  by  first 
reacting  a  monohydroxyfunctional  acrylate  with  a 
polyisocyanate  followed  by  the  reaction  of the  product  mix- 
ture  produced  with  a  polyol.  The  acrylated  urethanes  are 
useful  for incorporation  in  radiation  curable  coatings. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r  

t h e   p r o d u c t i o n   of  a c r y l a t e d   u r e t h a n e s   w h i c h   may  b e  

i n t e r g r a t e d   in   r a d i a t i o n   c u r a b l e   c o a t i n g s .  
C o a t i n g s   p l a y  a   u s e f u l   r o l e   in   t h e . m a n u f a c -  

t u r e   and  u s e   of   a  g r e a t   many  a r t i c l e s   w h i c h   f i n d   w i d e  

a p p l i c a t i o n   in  n e a r l y   a l l   f a c e t s   o f   c o n t e m p o r a r y  l i f e .  

U n t i l   r e c e n t l y ,   n e a r l y   a l l   c o a t i n g s   w e r e   a p p l i e d   w i t h  

t h e   e m p l o y m e n t   of   a  h y d r o c a r b o n   b a s e d   v e h i c l e   w h i c h  

e v a p o r a t e d   l e a v i n g   t h e   d r i e d   c o a t i n g   on  t h e   a r t i c l e  

w h i c h   was  to   be  c o a t e d .   T h i s   s y s t e m  m e t   w i t h  

i n c r e a s i n g   d i s f a v o r   as  t h e   p r i c e   o f   o r g a n i c   s o l v e n t  

i n c r e a s e d   and  as  t h e   d e l e t e r i o u s   e n v i r o n m e n t a l  

e f f e c t s   of   t h e   e v a p o r a t e d   s o l v e n t   b e c a m e   b e t t e r   u n d e r -  

s t o o d .   In  r e s p o n s e ,   t h o s e   s k i l l e d   in   t h e   a r t  

e n d e a v o r e d   to   d e v i s e   s y s t e m s   of   c o a t i n g   w h i c h   a v o i d e d  

u s e   o f   o r g a n i c   s o l v e n t s   as  v e h i c l e s .   One  of   t h e  

m o s t   s u c c e s s f u l   o f   t h e s e   s y s t e m s   h a s   b e e n   t h e   s o -  

c a l l e d   100  p e r c e n t   s o l i d s   c o a t i n g s   c o m p o s i t i o n s   w h i c h  

a r e   in   e s s e n c e   r e a c t i v e   c o m p o s i t i o n s   t h a t   a r e  

e s s e n t i a l l y   f r e e   o f   v o l a t i l e   s o l v e n t s   and  c o n t a i n  

d i l u e n t   m o l e c u l e s   t h a t   r e a c t   d u r i n g   t h e   c u r i n g   p r o c e s s  

to   b e c o m e   a  p a r t   o f   t h e   p r o t e c t i v e   c o a t i n g   i t s e l f .  

Among  t h e   m o s t   s u c c e s s f u l   o f   t h e s e   c o a t i n g   c o m p o s i -  

t i o n s   h a v e   b e e n   b a s e d   on  a c r y l a t e d   u r e t h a n e s .   H o w e v e r ,  

one   p r o b l e m   w i t h   t h e s e   c o m p o s i t i o n s   has   b e e n   t h e i r  

h i g h   v i s c o s i t y ,   r e q u i r i n g   d i l u t i o n   w i t h   v o l a t i l e  

r e a c t i v e   d i l u e n t s   to  p e r m i t   a p p l i c a t i o n   to   a  s u b -  

s t r a t e .   H e r e t o f o r e   a c r y l a t e d   u r e t h a n e   o l i g o m e r s   h a v e  

b e e n   p r e p a r e d   by  t h e   r e a c t i o n   of   a  p o l y o l   w i t h   a  

p o l y i s o c y a n a t e   f o l l o w e d   by  c a p p i n g   w i t h   an  h y d r o x y  

f u n c t i o n a l   a c r y l a t e .   A  m e t h o d   o f   m a k i n g   t h e   v e r y  

u s e f u l   a c r y l a t e d   u r e t h a n e s   s u c h   t h a t   t h e y   h a v e   a  l o w e r  

v i s c o s i t y   t h a n   h a s   b e e n   h e r e t o f o r e   a c h i e v a b l e   w i t h o u t  

d i l u t i o n   w o u l d   be  h i g h l y   d e s i r a b l e .   r  



I t   h a s   now  b e e n   f o u n d   t h a t   a c r y l a t e d  

u r e t h a n e s   h a v i n g   l o w e r   v i s c o s i t i e s   t h a n   h e r e t o f o r e  

a c h i e v a b l e   c an   be  s y n t h e s i z e d   by  an  i m p r o v e d   p r o c e s s  

t h a t   i n v o l v e s   f i r s t   r e a c t i n g   t h e   a c r y l a t e   w i t h   t h e  

p o l y i s o c y a n a t e   f o l l o w e d   by  r e a c t i o n   o f   t h e   i n t e r m e d i -  

a t e   . p r o d u c t   w i t h   a  p o l y o l .   T h i s   new  p r o c e d u r e  

r e s u l t s   i n   a c r y l a t e d   u r e t h a n e s   o f   s i g n i f i c a n t l y  

i m p r o v e d   f l u i d i t y   w h i c h   c an   be  i n c o r p o r a t e d   i n t o  

r a d i a t i o n - c u r a b l e   c o a t i n g s ,   o f t e n   w i t h o u t   t h e   n e e d  

to   u s e   v o l a t i l e   and   s o m e t i m e s   o b j e c t i o n a b l e   d i l u e n t s .  

T h i s   i n v e n t i o n   i s   a  p r o c e s s   f o r   t h e   p r o -  
d u c t i o n   o f   a c r y l a t e - c a p p e d   u r e t h a n e   c o m p o u n d s   h a v i n g  

a  l o w e r   v i s c o s i t y   t h a n   t h e   a c r y l a t e - c a p p e d   u r e t h a n e s  

a v a i l a b l e   f r o m   h e r e t o f o r e   known  m e t h o d s   o f   s y n t h e s i s .  

A c r y l a t e d   u r e t h a n e s   h a v e   h e r e t o f o r e   b e e n  

p r e p a r e d   by  t h e   r e a c t i o n   o f   a  p o l y o l   w i t h   a  p o l y -  

i s o c y a n a t e   f o l l o w e d   by  c a p p i n g   w i t h   a  h y d r o x y   f u n c t -  

i o n a l   a c r y l a t e   or   by  t h e   s i m u l t a n e o u s   r e a c t i o n   o f   a  

m i x t u r e   o f   a l l   t h e   s t a r t i n g   m a t e r i a l s .   The  p r o c e s s  
o f   t h i s   i n v e n t i o n   i n v o l v e s   t h e   i n i t i a l   r e a c t i o n   o f  

t h e   h y d r o x y l - f u n c t i o n a l   a c r y l a t e   w i t h   t h e   p o l y -  

i s o c y a n a t e   f o l l o w e d   by  r e a c t i o n   o f   t h e   f o r m e d  

i n t e r m e d i a t e   w i t h   t h e   p o l y o l .   The  a c r y l a t e d   u r e t h a n e s  

p r o d u c e d   by  t h e   p r o c e s s   o f   t h i s   i n v e n t i o n   d i s p l a y   a  

s i g n i f i c a n t l y   l o w e r   v i s c o s i t y   t h a n   t h o s e   o b t a i n e d  

u s i n g   t h e   p r e v i o u s l y   known  m e t h o d s .   I t   was  c o m p l e t e l y  

u n e x p e c t e d   and  u n o b v i o u s   to   d i s c o v e r  t h a t   m o d i f i c a t i o n  

o f   t h e   r e a c t i o n s   as  h e r e i n   d i s c l o s e d   w o u l d   h a v e   s u c h  

a  p r o n o u n c e d   and   b e n e f i c i a l   e f f e c t   on  t h e   v i s c o s i t y  
o f   t h e   f i n a l   p r o d u c t .  

The   h y d r o x y l - f u n c t i o n a l   a c r y l a t e   c o m p o u n d s  

s u i t a b l e   f o r   u s e   i n   t h e   p r o c e s s  o f  t h i s   i n v e n t i o n   c a n  

be  d e f i n e d   by  t h e   f o r m u l a :  



w h e r e i n   Z  i s   h y d r o g e n   o r   m e t h y l   o r   R  i s   d i v a l e n t  

a l k y l e n e   h a v i n g   f r o m   2  to  6  c a r b o n   a t o m s .   I l l u s t r a -  

t i v e   o f   t h e s e   a c r y l a t e   c o m p o u n d s   one   c an   n a m e .  
2 - h y d r o x y e t h y l   a c r y l a t e ,   h y d r o p r o x y p r o p y l   a c r y l a t e ,  

h y d r o x y p e n t y l   a c r y l a t e ,   h y d r o x y p e n t y l   m e t h a c r y l a t e  

and   t h e   l i k e .  

The  p o l y i s o c y a n a t e s   u s e f u l   i n   t h e   p r o c e s s  
o f   t h i s   i n v e n t i o n   a r e   t h e   known  a l i p h a t i c   and   a r o m a t i c  

p o l y i s o c y a n a t e s   s u c h   as  2 , 4 - t o l y l e n e   d i i s o c y a n a t e ,  

2 , 6 - t o l y l e n e   d i i s o c y a n a t e ,   4 , 4 ' - d i p h e n y l m e t h a n e  

d i i s o c y a n a t e ,   d i a n i s i d i n e   d i i s o c y a n a t e ,   t o l i d i n e  

d i i s o c y a n a t e ,   h e x a m e t h y l e n e   d i i s o c y a n a t e ,   t h e   m-  a n d  

p - x y l y l e n e   d i i s o c y a n a t e s ,   t e t r a m e t h y l e n e   d i i s o c y a n a t e ,  

d i c y c l o h e x y l - 4 , 4 ' - m e t h a n e   d i i s o c y a n a t e ,   c y c l o h e x a n e - 1 ,  

4 - d i i s o c y a n a t e ,   1 , 5 - n a p h t h y l e n e   d i i s o c y a n a t e ,   4 , 4 ' -  

d i i s o c y a n a t o   d i p h e n y l   e t h e r ,   2 , 4 , 6 - t r i i s o c y a n a t o ,  

t o l u e n e ,   4 , 4 ' 4 " - t r i i s o c y a n a t e   t r i p h e n y l   m e t h a n e ,  

d i p h e n y l e n e - 4 , 4 - d i i s o c y a n a t e   as  w e l l   as  any   o f   t h e  

o t h e r   o r g a n i c   p o l y i s o c y a n a t e s   known   to   t h e   a v e r a g e  
s k i l l e d   c h e m i s t .  

.  The   p o l y o l s   u s e f u l   i n   t h e   p r o c e s s   o f   t h i s  

i n v e n t i o n   h a v e   an  a v e r a g e   m o l e c u l a r   w e i g h t   o f   f r o m  
60  t o   6 0 0 0 ,   f r o m   2  to   6  h y d r o x y l   g r o u p s   and   a  h y d r o x y l  

n u m b e r   o f   f r o m   a b o u t   20  m g . K O H / g   t o   a b o u t   1 0 0 0   m g .  

KOH/g .   I l l u s t r a t i v e   o f   s u c h   p o l y o l s   one   c an   name  p o l y -  

( ε - m e t h y l - ε - c a p r o l a c t o n e )   d i o l s ,   t r i o l s ,   t e t r o l s ,   p o l y -  

( ε - c a p r o l a c t o n e )   d i o l s ,   t r i o l s ,   t e t r o l s ,   p o l y e t h y l e n e -  

o x i d e   d i o l s ,   t r i o l s   and  t e t r o l s ,   p o l y e t h y l e n e o x i d e  

p r o p y l e n e   o x i d e   d i o l s ,   t r i o l s   and   t e t r o l s , p o l y a d i p a t e  

p o l y o l s   and   t h e   l i k e .  

.  D u r i n g   t h e   r e a c t i o n   o f  t h e   i s o c y a n a t o   g r o u p ,  

o n e   c a n   h a v e   p r e s e n t   any   o f   t h e   k n o w n   u r e t h a n e  

c a t a l y s t s   s u c h   as  a m i n e s   o r  t i n   c o m p o u n d s .   T h e s e  



c a t a l y s t s   a r e   w e l l   known  and  i n c l u d e   t r i e t h y l e n e  

d i a m i n e ,   m o r p h o l i n e ,   N - e t h y l - m o r p h o l i n e ,   p i p e r a z i n e ,  

t r i e t h a n o l a m i n e ,   t r i e t h y l a m i n e ,   N , N , N ' N ' - t e t r a m e t h y l -  

b u t a n e - 1 , 3 - d i a m i n e ,   d i b u t y l   t i n   d i l a u r a t e ,  s t a n n o u s  

o c t o a t e ,   s t a n n o u s   l a u r a t e ,   d i o c t y l t i n   d i a c e t a t e ,   l e a d  

o c t o a t e ,   s t a n n o u s   o l e a t e ,   s t a n n o u s   t a l l a t e ,   d i b u t y l  

t i n   o x i d e   and   t h e   l i k e . .   The   c a t a l y s t ,   i f   p r e s e n t ,   i s  

p r e s e n t   i n  a n y   o f   t h e   c o n v e n t i o n a l   and  k n o w n   c a t a l y t i -  

c a l l y   e f f e c t i v e   a m o u n t s   s u f f i c i e n t   to   c a r r y   o u t   t h e  

u r e t h a n e   s y n t h e s i s .  

T h e   r e a c t i o n   i s   r u n   a t   a  t e m p e r a t u r e   o f  

f r o m   a b o u t   10°C  to  a b o u t   90°C  p r e f e r a b l y   f r o m   a b o u t  

4 0 ° C   to   a b o u t   6 0 ° C .   The  r e a c t i o n   c an   be  c a r r i e d   o u t  

a t  a t m o s p h e r i c ,   s u b a t m o s t p h e r i c   or  s u p e r a t m o s t p h e r i c  

p r e s s u r e s .   The   t i m e   of   t h e   r e a c t i o n   w i l l   v a r y   a n d  

w i l l   d e p e n d   on  t h e   r e a c t a n t s ,   r e a c t i o n   c o n d i t i o n s  

and   b a t c h   s i z e .   The  m o l e   r a t i o s   of   t h e   r e a c t a n t s   w i l l  

d e p e n d   on  t h e   p r o d u c t   d e s i r e d   and   t h e   f u n c t i o n a l i t y   o f  

t h e   r e a c t a n t s .   F o r   e x a m p l e ,   f o r   a  d i a c r y l a t e d   u r e t h a n e  

s y n t h e s i z e d   f r o m   a  d i i s o c y a n a t e ,   a  d i o l ,   a n d   2 - h y d r o x y -  

p r o p y l  a c r y l a t e ,   t h e   m o l e   r a t i o   w o u l d   be  2 / 1 / 2   r e s p e c t i v e l y .  

I n   a c c o r d   w i t h   t h e   p r o c e s s   o t   t h i s  

i n v e n t i o n   t h e   o r g a n i c   p o l y i s o c y a n a t e   i s   i n i t i a l l y  

r e a c t e d   w i t h   t h e   h y d r o x y l - f u n c t i o n a l   a c r y l a t e   t o  

p r o d u c e   a  p r e p o l y m e r   c o n t a i n i n g   f r e e   i s o c y a n a t e   g r o u p s .  

T h i s   p r e p o l y m e r   i s   t h e n   r e a c t e d   w i t h   t h e   p o l y o l   r e -  

a c t a n t   t o   o b t a i n   t h e   d e s i r e d   p r o d u c t .   As  i s   s h o w n  

in   t h e   s u b s e q u e n t   e x a m p l e s ,   t h e   f i n a l   p r o d u c t   h a s  

s i g n i f i c a n t l y   l o w e r   v i s c o s i t y   and  i m p r o v e d   f l u i d i t y  

w h e n   p r o d u c e d   by  t h i s   p r o c e d u r e .   In   c o m p a r i s o n ,  

w h e n   t h e   o r g a n i c   p o l y i s o c y a n a t e   was  i n i t i a l l y   r e a c t e d  

w i t h   t h e   o r g a n i c   p o l y o l   f o l l o w e d   by  t h e   r e a c t i o n   o f  

t h e   i n t e r m e d i a t e   p r e p o l y m e r ,   t h e  f i n a l   p r o d u c t  .  

p r o d u c e d   h a d  a   much   h i g h e r   v i s c o s i t y   and   i n  o n e  

.  i n s t a n c e   was   a  s o l i d .  



In  a  t y p i c a l   e m b o d i m e n t   t o l u e n e   d i i s o c y a n a t e  

and   a  r e a c t i v e   d i l u e n t   s u c h   as  2 - ( N - m e t h y l c a r b a m o y l )  

o x y e t h y l   a c r y l a t e   a r e   c h a r g e d   to  a  f l a s k .   W h i l e   t h e  

m i x t u r e   i s   s t i r r e d ,   2 - h y d r o x y e t h y l   a c r y l a t e   a n d  

d i b u t y l   t i n   d i l a u r a t e   as  c a t a l y s t   a r e   a d d e d   and   t h e  

r e a c t i o n   i s   p e r m i t e d   to   p r o c e e d .   T h e r a f t e r ,   t h e  

p o l y o l ,   s u c h   as  p o l y ( ε - m e t h y l - ε - c a p r o l a c t o n e ) d i o l ,  

i s   a d d e d   in   a  d r o p w i s e   m a n n e r   and  r e a c t e d .   A n  

a c r y l a t e d   u r e t h a n e   h a v i n g   a  l o w e r   v i s c o s i t y   t h a n   t h a t  

o b t a i n e d   t h r o u g h   h e r e t o f o r e   known  p r o c e s s e s   i s  

o b t a i n e d .  

The  p r o d u c t s o f   t h e   p r o c e s s   o f   t h i s   i n v e n t i o n  

a r e   a c r y l a t e - c a p p e d   u r e t h a n e   o l i g o m e r s .   T h e s e   c o m -  

p o u n d s   a r e   w e l l   k n o w n   t o   t h o s e   s k i l l e d   i n   t h e   a r t   a n d  

r e s e m b l e   t h o s e   d e s c r i b e d   i n   U .S .   R e i s s u e   2 9 , 1 3 1 .  

The  a c r y l a t e d   u r e t h a n e   p r o d u c t s   o f   t h e  

p r o c e s s   of   t h i s   i n v e n t i o n   f i n d   w i d e   u s e   i n   t h e  

f o r m u l a t i o n   o f   r a d i a t i o n - c u r a b l e   c o a t i n g s .   Now,  b y  

u s e   o f   t h e   p r o c e s s   of   t h i s   i n v e n t i o n ,   t h e s e   a c r y l a t e d  

u r e t h a n e s   of   l o w e r   v i s c o s i t y   can   be  i n c o r p o r a t e d   i n t o  

r a d i a t i o n - c u r a b l e   c o a t i n g   f o r m u l a t i o n s   w i t h o u t   t h e   g r e a t  
n e e d   o f   v o l a t i l e   and   p o s s i b l y   o b j e c t i o n a b l e   d i l u e n t s .  

F u r t h e r m o r e ,   by  u s e   o f   t h e   p r o c e s s   o f   t h i s   i n v e n t i o n  

c e r t a i n   a c r y l a t e d   u r e t h a n e s ,   w h i c h   c o u l d   n o t   b e  

s a t i s f a c t o r i l y   p r e p a r c d   u s i n g   p r e v i o u s l y   known  m e t h o d s ,  

c a n   be  s y n t h e s i z e d ,   as  shown  i n   t h e   e x a m p l e s .  

I t   was  c o m p l e t e l y   u n e x p e c t e d   and   u n o b v i o u s  

to   f i n d   t h a t   a c r y l a t e d   u r e t h a n e s   c a n   be  p r o d u c e d   b y  

t h e   i n s t a n t   i m p r o v e d   p r o c e s s   h a v i n g   b e n e f i c i a l l y   l o w e r  

v i s c o s i t i e s   t h a n   a c r y l a t e d   u r e t h a n e s   p r o d u c e d   u s i n g  

h e r e t o f o r e   known  m e t h o d s .  

The  f o l l o w i n g   e x p e r i m e n t s   w e r e   c o n d u c t e d  

f o r   c o m p a r a t i v e   p u r p o s e s   u s i n g   t h e   c o n v e n t i o n a l   m e t h o d  

o f   s y n t h e s i z i n g   a c r y l a t e d   u r e t h a n e s .  



E x p e r i m e n t   A 

T h e r e   w e r e   c h a r g e d   to   a  two  l i t e r ,   f o u r -  

n e c k   r o u n d   b o t t o m   f l a s k   e q u i p p e d   w i t h   a  t h e r m o m e t e r ,  

m e c h a n i c a l   s t i r r e r ,   a i r   c o n d e n s e r ,   d r y   a i r   b l a n k e t ,  

d r o p p i n g   f u n n e l   and  h e a t i n g   m a n t l e   205  g r a m s   o f  

t o l u e n e   d i i s o c y a n a t e ,   300  g r a m s   o f   2 - ( N - m e t h y l c a r -  

b a m o y l ) o x y e t h y l   a c r y l a t e   as  s o l v e n t   and   0 . 8   g ram  o f  

d i b u t y l   t i n   d i l a u r a t e   as  c a t a l y s t .   The  m i x t u r e   w a s  

h e a t e d   w i t h   s t i r r i n g   to  40°C  f o r   25  m i n u t e s   and   3 5 8  

g r a m s   p o l y ( ε - m e t h y l - ε - c a p r o l a c t o n e ) d i o l   h a v i n g   a  

h y d r o x y l   n u m b e r   o f   185  m g . K O H / g   was  a d d e d   d r o p w i s e  

o v e r   a  40  m i n u t e   p e r i o d   a n d   r e a c t e d .   A f t e r   c o m p l e t i o n  

o f   t h i s   r e a c t i o n   and   w h i l e   t h e   r e a c t a n t s   w e r e   s t i r r e d  

a n d   k e p t   a t   f r o m   46°C  to  4 8 ° C ,  1 3 7   g r a m s   o f   2 - h y d r o x y -  

e t h y l   a c r y l a t e   was  a d d e d   d r o p w i s e .   The  r e a c t i o n  

m i x t u r e   was  t h e n   s t i r r e d   and   h e a t e d   a t   f r o m   46°C  t o  

4 8 ° C   f o r   s e v e n   h o u r s .   The  a c r y l a t e   c a p p e d   p o l y c a p r o l -  

a c t o n e   u r e t h a n e   p r o d u c e d   h a d   a  B r o o k f i e l d   v i s c o s i t y  

o f   3 1 , 0 0 0   cps   a t   2 5 ° C .  

E x p e r i m e n t   B 

T h e r e   w e r e   c h a r g e d   to   t h e   a p p a r a t u s  
d e s c r i b e d   in   E x p e r i m e n t   A  145  g r a m s   o f   1 , 1 - b i s - ( 4 -  

i s o c y a n a t o - c y c l o h e x y l ) m e t h a n e ,   150  g r a m s   o f   2 - ( N -  

m e t h y l c a r b a m o y l ) o x y e t h y l   a c r y l a t e   as  d i l u e n t   and   0 . 4  

g r a m   o f   d i b u t y l   t i n   d i l a u r a t e   as  c a t a l y s t .   T h e  

m i x t u r e   was  h e a t e d   w i t h   s t i r r i n g   to   40°C  f o r   a b o u t  

30  m i n u t e s   and   139  g r a m s   o f   p o l y ( ε - c a p r o l a c t o n e )  

t e t r o l   h a v i n g   a  h y d r o x y l   n u m b e r   o f   223  m g . K O H / g  

was   a d d e d   d r o p w i s e   o v e r   a  15  m i n u t e   p e r i o d   and   r e -  

a c t e d .   A f t e r   c o m p l e t i o n   o f   t h i s   r e a c t i o n   and   w h i l e  

t h e   m i x t u r e   was  s t i r r e d   a n d   k e p t   a t   f r o m   48°C  t o  

5 0 ° C , 6 6 . g r a m s   o f   2 - h y d r o x y e t h y l   a c r y l a t e   was  a d d e d  

d r o p w i s e .   The  r e a c t i o n   m i x t u r e   was  t h e n   s t i r r e d   a n d  

h e a t e d   a t   f r o m   40°C  to   50°C  f o r   s i x t e e n   h o u r s .  



A t t e m p t s   to  f o r m   t h e   p r o d u c t   a c r y l a t e   c a p p e d   p o l y -  

c a p r o l a c t o n e   u r e t h a n e   i n t o   a  r a d i a t i o n   c u r a b l e   c o a t i n g  

w e r e   u n s u c c e s s f u l   b e c a u s e   t h e   p r o d u c t   was  t oo   v i s c o u s .  

E x p e r i m e n t   C 

T h e r e   w e r e   c h a r g e d   to   t h e   a p p a r a t u s   d e s -  

c r i b e d   i n   E x p e r i m e n t   A  283  g r ams   o f   1 , 1 - b i s ( 4 - i s o c y a -  

n a t o - c y c l o h e x y l ) m e t h a n e ,   300  g r a m s   o f   2 - ( N - m e t h y l -  

c a r b a m o y l )   o x y e t h y l   a c r y l a t e   as  d i l u e n t   and   0 . 8   g r a m  
o f   d i b u t y l   t i n   d i l a u r a t e   as  c a t a l y s t .   The  m i x t u r e  

was  h e a t e d   w i t h   s t i r r i n g   t o   40°C  f o r   a b o u t   30  m i n u t e s  

and   287  g r a m s   of   a  p o l y c a p r o l a c t o n e   d i o l   h a v i n g   a n  

a v e r a g e   m o l e c u l a r   w e i g h t   o f   530  and   a  h y d r o x y l   n u m b e r  

o f   212  m g . K O H / g   was  a d d e d   d r o p w i s e   o v e r   a  17  m i n u t e  

p e r i o d   and   r e a c t e d .   A f t e r   c o m p l e t i o n   of   t h i s   r e a c t i o n  

and   w h i l e   t h e   m i x t u r e   was  s i t r r e d   and   k e p t   a t   f r o m  

46°C  to  4 9 ° C ,   130  g r a m s   o f   2 - h y d r o x y e t h y l   a c r y l a t e   w a s  

a d d e d   d r o p w i s e .   The  r e a c t i o n   m i x t u r e   was  t h e n   s t i r r e d  

and   h e a t e d   a t   f r o m   40°C  to  60°C  f o r   t w e n t y - f o u r   h o u r s .  

T h e  a c r y l a t e   c a p p e d   p o l y c a p r o l a c t o n e   u r e t h a n e   p r o d u c e d  

had   a  B r o o k f i e l d   v i s c o s i t y   o f   3 4 , 0 0 0   c p s .   a t   2 5 ° C .  

The  f o l l o w i n g   e x a m p l e s   s e r v e   to  f u r t h e r  

i l l u s t r a t e   t h e   i n v e n t i o n .  

E x a m p l e  1  

T h e r e   w e r e   c h a r g e d   t o   a  two  l i t e r   f o u r -  

n e c k   r o u n d   b o t t o m   f l a s k   e q u i p p e d   w i t h   a  t h e r m o m e t e r ,  

m e c h a n i c a l   s t i r r e r ,   a i r   c o n d e n s e r ,   d ry   a i r   b l a n k e t ,  

d r o p p i n g   f u n n e l   and  h e a t i n g   m a n t l e   205  g rams  o f  

t o l u e n e   d i i s o c y a n a t e   and   300  g r ams   o f   2 - ( N - m e t h y l -  

c a r b a m o y l ) o x y e t h y l   a c r y l a t e   as  d i l u e n t .   The  r e a c t a n t s  

w e r e   s t i r r e d   and  137  g r a m s   o f   2 - h y d r o x y e t h y l   a c r y l a t e  

was  a d d e d   d r o p w i s e   o v e r   a  56  m i n u t e   p e r i o d   a t   r o o m  

t e r m p e r a t u r e .   The  r e s u l t a n t   s o l u t i o n   was  t h e n  



s t i r r e d   f o r  s e v e n   h o u r s   and   t h e n   0 . 8   g ram  o f   d i b u t y l  

t i n   d i l a u r a t e   as   c a t a l y s t   was  a d d e d .   The   r e a c t i o n  

m i x t u r e   was  t h e n   h e a t e d   to  40°C  a n d   s t i r r e d .   A f t e r  

10  m i n u t e s   t h e r e   was  a d d e d   358  g r a m s   o f   p o l y ( - E - c a p r o l -  

ε - c a p r o l a c t o n e )   d i o l   h a v i n g   a  h y d r o x y l   n u m b e r   o f   1 8 5  

m g . K O H / g .   d r o p w i s e   o v e r   a  50  m i n u t e   p e r i o d .   T h e  

m i x t u r e   was  t h e n   s t i r r e d   and   h e a t e d . f o r   a b o u t   n i n e  

h o u r s .   The   a c r y l a t e   c a p p e d   p o l y c a p r o l a c t o n e   u r e t h a n e  

p r o d u c e d   h a d   a  B r o o k f i e l d   v i s c o s i t y   o f   2 1 , 0 0 0   cps   a t  

2 5 ° C .   C o m p a r i s o n   w i t h   E x p e r i m e n t   A,  w h i c h   c o n t a i n e d  

t h e   same  c o m p o n e n t s ,   s h o w e d   t h a t   t h e   a c r y l a t e d  

u r e t h a n e   p r o d u c t   made  b y  t h e   p r o c e s s   o f   t h i s   i n v e n t i o n  

had   a  v i s c o s i t y   32  p e r c e n t   l o w e r   t h a n   t h a t   o f   t h e  

p r o d u c t   o b t a i n e d   u s i n g   t h e   h e r e t o f o r e   known   p r o c e s s .  

E x a m p l e   2  

T h e r e   w e r e   c h a r g e d   to   t h e   a p p a r a t u s  

d e s c r i b e d   i n   E x a m p l e   1  145  g r a m s   o f   1 , 1 - b i s ( i s o c y a n a t o -  

c y c l o h e x y l ) m e t h a n e ,   150  g r a m s   o f   2 - ( N - m e t h y l c a r b a m y l )  

o x y e t h y l   a c r y l a t e   as  d i l u e n t   and   0 . 4   g r a m   o f   d i b u t y l  

t i n   d i l a u r a t e   as  c a t a l y s t .   The   m i x t u r e   was  h e a t e d  

w i t h   s t i r r i n g   to   40°C  f o r   a b o u t   30  m i n u t e s   and   6 6  

g r a m s   of   2 - h y d r o x y e t h y l   a c r y l a t e   was  a d d e d   d r o p w i s e  

o v e r   a  13  m i n u t e   p e r i o d   and   r e a c t e d .   A f t e r   t h i s   r e -  

a c t i o n ,   139  g r a m s   o f   p o l y ( E - c a p r o l a c t o n e )   t e t r o i  

h a v i n g   a  h y d r o x y l   n u m b e r   o f   223  m g . K O H / g .   was  a d d e d  

d r o p w i s e   o v e r   a  10  m i n u t e   p e r i o d .   The  r e a c t i o n  

m i x t u r e   was   t h e n   h e a t e d   a t   f r o m   40°C   to   50°C  f o r  

t w e n t y   h o u r s .   The   p r o d u c t   a c r y l a t e   c a p p e d   p o l y c a p r o l -  

a c t o n e   u r e t h a n e   made   i n   t h i s   e x a m p l e   was  s u c c e s s f u l l y  

f o r m u l a t e d   by  a d d i t i o n   of   @ , @ - d i i s o b u t o x y a c e t o p h e n o n e  

as  p h o t o i n i t i a t o r   t o   y i e l d   a  r a d i a t i o n   c u r a b l e  

c o a t i n g .  



E x a m p l e   3 

T h e r e   w e r e   c h a r g e d   to   t h e   a p p a r a t u s   d e s -  

c r i b e d   in   E x a m p l e   1  283  g r a m s   o f   1 , 1 - b i s ( 4 - i s o c y a n a t o -  

c y c l o h e x y l ) m e t h a n e ,   300  g r a m s   o f   2 - ( N - m e t h y l c a r b a m o y l )  

o x y e t h y l   a c r y l a t e   as  d i l u e n t   and   0 . 8   g ram  d i b u t y l   t i n  

d i l a u r a t e   as  c a t a l y s t .   The  m i x t u r e   was  h e a t e d   w i t h  

s t i r r i n g   to   40°C  f o r   a b o u t   30  m i n u t e s   f o l l o w e d   by  t h e  

d r o p w i s e   a d d i t i o n   o f   130  g r a m s   o f   2 - h y d r o x y e t h y l  

a c r y l a t e   o v e r   a  14  m i n u t e   p e r i o d   a n d   r e a c t e d .   A f t e r  

c o m p l e t i o n   of   t h i s   r e a c t i o n   and   w h i l e   t h e   m i x t u r e   w a s  

s t i r r e d   and  k e p t   a t   f r o m   45°C  to   4 7 ° C ,   287  g r a m s   o f  

a  c a p r o l a c t o n e   p o l y o l   h a v i n g   an  a v e r a g e   m o l e c u l a r  

w e i g h t   o f   530  and   a  h y d r o x y l   n u m b e r   o f   212  m g . K O H / g .  

was  a d d e d   d r o p w i s e   o v e r  a   20  m i n u t e   p e r i o d .   The  r e -  

a c t i o n   m i x t u r e   was  t h e n   h e a t e d   a t   f r o m   40°C  to   6 0 ° c  

f o r   t w e n t y - f o u r   h o u r s .   The  a c r y l a t e   c a p p e d   p o l y c a p -  

r o l a c t o n e   u r e t h a n e   p r o d u c e d   had   a  B r o o k f i e l d   v i s c o s i t y  

o f   2 7 , 7 0 0   cps   a t   2 5 ° C .   C o m p a r i s o n   w i t h   E x p e r i m e n t   C ,  

w h i c h   c o n t a i n e d   t h e   same  c o m p o n e n t s ,   i n d i c a t e d   t h a t  

t h e   a c r y l a t e d   u r e t h a n e   p r o d u c t   made   by  t h e   p r o c e s s   o f  

t h i s   i n v e n t i o n   had   a  v i s c o s i t y   1 8 . 5   p e r c e n t   l o w e r   t h a n  

t h a t   o f   t h e   p r o d u c t   o b t a i n e d   u s i n g   t h e   h e r e t o f o r e  

known   p r o c e s s .  

E x a m p l e   4  

T h e r e   w e r e   c h a r g e d   to   a  500  mi  f o u r - n e c k  

r o u n d   b o t t o m   f l a s k   e q u i p p e d   w i t h   a  m e c h a n i c a l   s t i r r e r ,  

d r o p p i n g   f u n n e l   and   c o o l i n g   w a t e r   b a t h   1 1 . 1   g r a m s   o f  

i s o p h o r o n e   d i i s o c y a n a t e   a n d   5  d r o p s   of   d i b u t y l   t i n  

d i l a u r a t e   as  c a t a l y s t .   T h e r e   was  t h e n   a d d e d   d r o p w i s e  

o v e r   a  7  m i n u t e   p e r i o d   7 . 0   g r a m s   o f   2 - h y d r o x y e t h y l  

a c r y l a t e   and   t h e   m i x t u r e   was  s t i r r e d   a t   a m b i e n t  

t e m p e r a t u r e   f o r   s i x t e e n   h o u r s .   A f t e r   t h i s   t h e r e   w a s  

a d d e d   o v e r   a b o u t   a  30  m i n u t e   p e r i o d ,   50  g r a m s   o f   a  



s i l i c o n e   p o l y o l   h a v i n g   a  v i s c o s i t y   a t   25°C  o f   350  c k s ,  

a  s p e c i f i c   g r a v i t y   a t   25°C  o f   1 . 0 6   and  a  h y d r o x y l  

n u m b e r   o f   200  m g . K O H / g ,   The  r e a c t i o n   m i x t u r e   w a s  

s t i r r e d   a t   a m b i e n t   t e m p e r a t u r e   f o r   t w e n t y - h o u r   h o u r s .  

The  a c r y l a t e   c a p p e d   s i l o x a n e   u r e t h a n e   p r o d u c e d   h a d   a  

v i s c o s i t y   of   800  cks   a t   1 0 0 ° F .  

F o r   c o m p a r a t i v e   p u r p o s e s ,   t h e r e   w e r e   c h a r g e d  

to  t h e   a b o v e - d e s c r i b e d   a p p a r a t u s   1 1 . 1   g r a m s   o f  

i s o p h o r o n e   d i i s o c y a n a t e   and   5  d r o p s  o f   d i b u t y l   t i n  

d i l a u r a t e ;   t h e   s o l u t i o n   was  s t i r r e d   and   50  g r a m s   o f  

t h e   same  s i l i c o n e   p o l y o l   as  u s e d   a b o v e   was  a d d e d .   T h e  

r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   t h r e e   h o u r s   and   d i s -  

p l a y e d   a  d i s t i n c t   i n c r e a s e   i n   v i s c o s i t y .   The  m a t e r i a l  

was  a l l o w e d   t o   s t a n d   o v e r n i g h t   f o r   s i x t e e n   h o u r s  

d u r i n g   w h i c h   t i m e   i t   had   s o l i d i f i e d   t o  a   s o l i d   m a s s .  

T h i s   e x a m p l e   d e m o n s t r a t e s   t h a t   u s e   o f   t h e  

p r o c e s s   o f   t h i s   i n v e n t i o n   e n a b l e s   one  t o   s y n t h e s i z e  

c e r t a i n   a c r y l a t e d   u r e t h a n e s   w h i c h   c o u l d   n o t   b e  

s y n t h e s i z e d   u s i n g   t h e   h e r e t o f o r e   known  c o n v e n t i o n a l  

m e t h o d s .  



1.  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of   a c r y l a t e d  

u r e t h a n e s   c h a r a c t e r i s e d   c o m p r i s i n g   t h e   s t e p s   o f :  

( a )   i n i t i a l l y   r e a c t i n g   a  h y d r o x y a l k y l   a c r y l a t e  

of  t h e   f o r m u l a  

w h e r e i n  Z   i s   h y d r o g e n   or  m e t h y l   and  R  i s   d i v a l e n t   a l k y l e n e  

h a v i n g   f r o m   2  to  6  c a r b o n   a t o m s   w i t h   an  a l i p h a t i c   o r  

a r o m a t i c   p o l y i s o c y a n a t e ,  

( b )   s u b s e q u e n t l y   r e a c t i n g   t h e   r e a c t i o n   p r o d u c t   o f  

s t e p   ( a )   w i t h   a  p o l y o l   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t  

of   f r o m   60  to   6000   and  f r o m   2  to   6  h y d r o x y l   g r o u p s ,   a n d  

( c )   r e c o v e r i n g   t h e   a c r y l a t e d   u r e t h a n e   r e a c t i o n  

p r o d u c t   m i x t u r e   p r o d u c e d .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i s e d  

i n   t h a t   t h e   r e a c t i o n s   a r e   c a r r i e d   ou t   a t   t e m p e r a t u r e s   o f  

f r o m   10°C  to   9 0 ° C .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m  1   or  2,  c h a r a c t -  

e r i s e d   i n   t h a t   s a i d   h y d r o x y a l k y l   a c r y l a t e   i s   2 - h y d r o x y -  

e t h y l   a c r y l a t e .  

4 .   A  p r o c e s s   a c c o r d i n g   t o   any  one  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   s a i d   p o l y i s o c y a n a t e   i s   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of  t o l u e n e   d i i s o c y a n a t e ,   1 , 1 - b i s   ( 4 -  

i s o c y a n a t o c y c l o h e x y l )   m e t h a n e   and  i s o p h o r o n e   d i i s o c y a n a t e .  

5.  A  p r o c e s s   a c c o r d i n g   t o   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   s a i d  p o l y o l   i s   a  p o l y -  

c a p r o l a c t o n e   p o l y o l   h a v i n g  f r o m   2  t o   6  h y d r o x y l   g r o u p s   i n  

t h e   m o l e c u l e .  

6.  A  p r o c e s s   a c c o r d i n g  t o   c l a i m   5,  c h a r a c t e r i s e d  

i n   t h a t   s a i d   p o l y c a p r o l a c t o n e   i s   a  d i o l   h a v i n g   an  a v e r a g e  
m o l e c u l a r   w e i g h t   of  290  to  5 0 0 0 .  

?.   A  p r o c e s s   a c c o r d i n g   to   c l a i m   5,  c h a r a c t e r i s e d  

i n   t h a t   s a i d   p o l y c a p r o l a c t o n e   i s   a  t r i o l   h a v i n g   a n  
a v e r a g e   m o l e c u l a r   w e i g h t   of  290  to   5 0 0 0 .  



8.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   5,  c h a r a c t e r i s e d  

i n   t h a t   s a i d   p o l y c a p r o l a c t o n e   i s   a  t e t r o l   h a v i n g   a n  

a v e r a g e   m o l e c u l a r   w e i g h t   of  290  to   5 0 0 0 .  

9.   A  p r o c e s s   a c c o r d i n g   to  any   one  of   c l a i m s  

1  t o   4 ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   p o l y o l   i s   a  s i l i c o n e  

p o l y o l   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   of  290  t o  

5 0 0 0 .  

10 .   An  a c r y l a t e d   p o l y u r e t h a n e   c h a r a c t e r i s e d   b y  

h a v i n g   b e e n   p r o d u c e d   by  a  p r o c e s s   as  c l a i m e d   i n   a n y  o n e  
of   t h e   p r e c e d i n g   c l a i m s .  
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